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Issue of EUV Resist

Resolution

LWR

-+

EUVL Specific issue

Outgassing

Sensitivity

B Requirement of resist performance for EUVL:
High resolution

Low LWR
Fast sensitivity

Low outgassing
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Objective of This Work

B What is the main contributor of outgassing species to
contamination?

e Decomposed PAG

- Y. Kikuchi et. ai.,
- |. Pollentier et. al., Proc. SPIE., 7972 (2011)
- . Takagi et. al., J. Photopolym. Sci. Technol., 26 (2013), 673.

B Impact of PAG structure on outgassing/contamination

* PAG blended system: cation size
* PAG bound system: anion bound and cation bound
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Outline

B Experiment and results
 PAG blend system: PAG cation size
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Process Flow of Outgassing Test

B EUV resists must pass outgassing tests before being allowed
exposure in the EUV HVM scanner.

B This is because outgassing components (cleanable and non-
cleanable) contaminate the optical system.

. 2. . .
Contamination Film Thickness (FT) Non-cleanable
Growth (CG) measurement cleaning element evaluation

EUV light Spectroscopic H-cleaner
or Electron beam (EB) Ellipsometer (SE)

Hydrogen
radical

Contaminatgpg film
—
Witness Sample (WS)
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Outgas Evaluation Tool and Condition

High Power EUV Resist outgas Contamination
analysis tool (HERC)

Undulator
Light

Tool geometry ,/‘m ml/em?
32(

Base: 3~4x10-6 Pa
Exposure: 1~2x10-5 Pa

BLOc

Vacuum conditions

Dose EOx 2.5
Resist thickness 60nm
. — Ru5
Witness Sample - M“O/S?'I;“/IL
(WS) T Si-sub.
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Characterization for PAG Cation Size

B Large PAG cation > Low outgassing ?

Cation size: Larger

Blended /Bound | Cation size Polymer EO
(equlmolar) (mJ/cm?)
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Cleanable Contamination Results: PAG Cation Size

*Calculated contamination thickness:
assuming full exposure on 300mm wafer

g 10 0.85
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Q

B Low contamination level is confirmed with large PAG cation.
B Results suggests resist outgas dependence on PAG cation size.
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Non-cleanable Elements: PAG Cation Size

= 3 ® Small cation
o
- M Large cation
't 2
g —~
c X
8 —
R 1
£
S <0.1 <0.1 <0.1 <0.1 <0.1
< 0
Si P S Cl Br |
B Regardless of cation size, non-cleanable elements were found to
be sulfur (S).

B Cleanable contamination level and S concentration found to
have a similar trend.
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Outline

B Experiment and results

 PAG bound system: anion bound and cation bound
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Characterization for PAG-bound System

B PAG-bound system = Low outgassing ?

PAG bIended

PAG a

0] tgassi;
Sample Concept

nion bound

PAG*

(equimolar)

=0)
(mJ/cm?)

Blended PAG blended ° @g 035 C4Fo 3.28
Anion bound rﬁjoso - i)fo @; 3.29
3 q E OH R\g;{ @ )
& | 30 70-x | x_Q
| (SIS CEs NS
Cation bound 0 e 4.28
*Mw of PAG is similar O s CaFe [

/ =
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Cleanable contamination results: PAG bound system

*Calculated contamination thickness:

A 2.0 assuming full exposure on 300mm wafer
jc_:’ 1.53

O 1.5 - 197

E 1.2/

SE10
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=
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S

5

O 0.0 -

PAG blended Anion bound Cation bound

B Comparison of cleanable contamination:
PAG blended > Anion bound > Cation bound

 How about amount of outgas species during exposure?
—>Residual gas analysis(RGA)
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PAG bound System: RGA Results

Qutgassing amount for each PAG system

3 X107 B PAG blended 105 M PAG blended
—_ O E — M Anion bound
é.u_ amu: 78 amu: 148 g Cation bound
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7 PAG | protecting unit >
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. | 9
5 D
.T_U 1 aMmu 8’6’ (_E 10_7 I
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g ' Vo E

0 . l.LL.I. 1 | 1 | 10-8

0 100 200 300 @ @( %

amu amu: 78 \_amu; 186 / amu: 148
B No significant difference was found in the released de-protected units.

B For di-phenyl sulfide from PAG, cation bound had low total outgassing
compared to both of PAG blended and anion bound.
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Non-cleanable elements: PAG bound System

. 3 W PAG blended
.f_j 2.4 M Anion bound
g y) Cation bound
o
§ g 1.1
S 0.8
=
2 <0.1 <0.1 <0.1 <0.1 <0.1
< 0

Si P S Cl Br I

B Non-cleanable elements are S in both blended and bound types.
B S concentration shows a similar trend as cleanable contamination.
PAG blended > Anion bound > Cation bound
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Non-cleanable Contamination on Unexposed Areal!]

TOE-SIMS 2D Scan on WS
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B From our previous work, the presence of fluorine contamination originated
from PAG anion was detected only on unexposed area.

B Itis hard to remove anion contaminants due to strong bonding characteristic

to the hydrophilic surface of the WS. [1] T. Takahashi et. al., Proc. SPIE, 8322 (2012)
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Fluorine Contamination of PAG bound System

Unexposed area

3 _
0 tgass'é;
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B F contamination on unexposed area is not detected with anion
bound system.

B Anion bound system is useful in reducing the non-cleanable
fluorine contamination on unexposed area.
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Summary

B [mpact of PAG structure on outgassing and
contamination

* PAG blended system: Cation size

- Larger cation is lesser cleanable and non-cleanable (sulfur)
contamination.

* PAG bound system: Anion bound and Cation bound

- Cleanable / Non-cleanable (Sulfur) @ exposed area:
PAG blended > Anion bound > Cation bound

- Non-cleanable (Fluorine) @ unexposed area:
PAG blended ~ Cation bound >> Anion bound

B To reduce outgassing, the material design for PAG
cation structure is essential.
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